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A p arti cular phenol-formaldehyde resin of the resol type 
(P-F-R-2) was shown in a previous study to be a good 
tra cer of patients with contact allergy to phenol-formal-
deh yde resins. Eleven patients with sensitivity to P-F-R-2 
r.a rticipated in the stud y in which chromatographically sep-
ara ted fractions of P-F-R-2 were patch tested . This pro-
cedure was repea ted until a positive reaction to a sin gle 
substance was noted. In this study 3 new sensitizers are 
reported . Inves tigations by mass spectrometry and nuclear 
magnetic resonance spectrometry identified the com-
po unds to be 4,4'-dihydroxy-3-(h ydroxymethyl)-diphenyl 
m e thane (4,4' -H-3-HPM) , 4,4'-dih ydroxy-3,3 '-di-(h y-
A ll erg ic contac t derm atitis from pheno l-form aldehyde resins, based o n pheno l and fo rmaldehyde (P-F-R), is not un common in our region . A paratcrtiary-butyl pheno l- fo rm aldeh yde resin (Alresen PA 103) is in-cluded in the Intern ational Contact D erm atitis Re-
sea r c h G roup stand ard tcs t se ries. This resin , how ever, is no t 
su ffic ient to trace contact all ergy in our patients to pheno l-fo rm-
aldeh yde resins [I] . Recentl y a parti cul ar P-F-R (P-F-R-2) was 
demonstrated to detect m any patients w ith contact allergy to 
ph e n o l-fo rm ald eh yde res ins II ·'. T his particular resin has been 
used fo r the isolati on and identifi cation of contact sensitizers and 
3 n ew all ergens are repo rted in this paper. 
MATERIALS AND METHODS 
Patch Testing T wo different P-F-R are included in the stand ard 
test series at our department [1]. T hese res ins (P-F- R-l and P-F-
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Abbreviations: 
G PC: gel pcrmcation chrom atograph y 
HPLC: high-pressurc liquid chro matography 
2,2'-HPM: 2,2'-dihydroxydiphcnyl mcthanc 
2 ,4'-HPM : 2,4' -d ih ydroxydiphcnyl methane 
4 ,4'-HPM : 4,4'-dihydroxydiphcnyl mcthane 
4,4' -1-1-3-1-1 PM : 4,4 ' -dih ydrox y-3-(hydroxy mcth y I)-diphcnyl 
mcthanc 
4,4 ' - 1-1-3,3 ' - 1-1 PM : 4,4' -dih ydroxy-3 ,3' -di-(hydroxy mcth yl)-
diphcnyl mcthanc 
4,4 ' - 1-1-3,5-1-1 PM : 4,4'-dih ydroxy-3,S-di-(hydroxy mcth yl)-
diphcnyl methanc 
M S: mass spcctro mctry 
N M R: nuclca r magnetic rcsonan cc 
P-F-R: phcnol- fonilaldchydc rcs in 
T I-IF: tctrahydrofuran c 
droxymeth yl)-diphenyl methane (4,4 '-H-3,3 '-HPM), and 
4, 4'-dihydroxy-3, S-di-(hydroxymethyl)-diphenyl meth-
ane (4, 4'-H-3,S-HPM). Six of the 11 patients reacted to at 
leas t one of these compounds. All 6 patients reacted to 
4,4'-H-3,3'-HPM and S reacted simultaneously to 4,4' -H-
3-HPM . Four patients reacted to all 3 com pounds tested. 
By patch testing with serial dilutions (ethanol 99. S%) of 
the three 4, 4'-H-HPM, positive reactions were noted down 
to O.S X 10- 6 %, 1. 0 X 10 - 6%, and 1.3 X 10 - 3 0/0 w/v 
fo r 4,4'-H-3-HPM, 4,4'-H-3,3'-HPM , and 4,4 '-H-3,S-
HPM, respectively. J hl/m t D erlllato/ 87:617- 623, 1986 
R-2) were both manu fac tured by Perstorp AB, Sweden , and are 
2 resol res in s used fo r impregnation o f paper in the produ ction 
of deco rati ve equipment. 
E leven patients reactin g to P-F-R-2, all w ith hand derm atitis, 
8 w ith occupational exposure, 1 with nonoccupational exposure, 
and 2 with unkno wn exposllre to P-F-R, w ere patch tes ted (AI-
tes t, Astra Agency, Sweden) w ith fractions obtained by the chro-
matographic techniques described belo w . T he patients were fi -
nally patch tes ted w ith 3 isolated compounds fro m the P-F-R-2. 
T hese were dissolved in eth ano l 99 .5% and tes ted (30 Jotl on each 
patch unit at concentrations correspondin g to those of the re-
spective substance in a preparation o f P-F-R-2 at 10% w / v, ap-
proximately 5% dry w eight) . Patch tes ting was also perfo rmed 
with seri al dilutio ns of each compound until a nega ti ve test re-
sponsc was obtained. 
Solvents Methano l of high pu rity for liquid chro matography 
(LiC hroso lv , M erck, West German y) was used. Wa ter was dou-
bl y distili ed. Ethanol 99. 5% w as supplied by AB Svensk Spri t, 
Sw eden. Acetone, eth yl cth er, and tctrahydro furane (TH F) w ' re 
all of pro an alys i g rade (M erck). Ethyl ether and T H F were always 
tes ted fo r th e presence of perox ides and distilled befo re use. Ace-
to nc-d6 (99.5 ato m % D) was supplied by Sig m a C hcmical Com-
pan y, U .S. A. 
Other Chemicals Sodium sul fa te (anhydrous) , sodium hy-
d roxide, and fo rm aldehyde solution (minimum 37% w / w) were 
all of pro analys i grade (Merck). 2,2' -Dihydroxydiphen yl m eth-
ane (2,2' -l-IPM) and 4,4'-dihydroxydiphenylmethane (4,4'-HPM) 
w ere m anu factured by Janssen C himica, Belgium . 2,4'- D ihy-
droxydiphen yl methane (2,4 '-l-IPM) was synthesized in our de-
partment and its identity w as controlled by nucl ca r m agnetic 
resonance spectro m etry (N MR) and m ass spectrom etry (M S) [2]. 
All dih ydroxydiphenyl methanes were recrys tallized fro m m eth-
ano l/water. 
Gel Permeation Chromatography (GPC) A column (24 mm 
inside diamcter x 360 mm) packed w ith Bio-Beads S-X8 (200-400 
mcs h, Bio-Rad Labo rato ries) was used . T he eluent w as Tl-IF w ith 
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a flow rate of 0.7 ml / min . The eluate was monitored at 280 nm 
by using a UV-detector (Uvicord S, LKB, Sweden). 
High-Pressure Liquid Chromatography (HPLC) For 
preparative applications a gradient system of au tomatic sample 
injection and automatic sa m ple collection was used. T his system 
could also be run manually. T he automatic process was controlled 
by an F-A V electron ic process control unit (Film och A V, Swe-
den). T he solvent delivery system consisted of an LDC Gradien t 
Master and 2 LDC ConstaM etric III pumps (Laboratory Data 
Control). T he injector was pneumatic, Rheodyne model 7010 A 
(Rheodyne), and samples were collected by a pneumatic 6-po-
sition valve, Rheodyne model 5011 A. T he UV-detector, LDC 
SpectroMonitor 0, was operated at 280 nm. The columns (11 
mm inside diameter X 100 mm semiprepara tive or 4 mm i.d . X 
200 mm analytical) were packed w ith 5 /Lm Nucleosil CIS (Mach-
erey-Nagel & Cd., West Germany). 
Spectra Mass spectra were obtained WIth a Finnigan 4021 mass 
spectrometer at 250°C ien source temperature an d an ionization 
potential of70 eV. The materials were introduced by direct probe 
insertion. Ion source pressure was 1.3 X 10- 5 Pascal. 
Nuclear magnetic resonance spectra were obtained wi th a Ni-
colet 360 WB spectrometer using sam ples dissolved in acetone-
d6 and with tetramethylsilane as an in ternal reference (8 = 0.00 
ppm). 
Isolation of Allergens One gra m ofP-F-R-2 was di luted w ith 
7 m l water, neutra lized with sul furic acid (1.0 mol X I- I) and 
extracted with diethyl ether (4 X 10 m l). T he water phase was 
diluted with ethanol 99.5% to a final volume of 10 ml, giVIng a 
test solution (a) with water-soluble compounds at equal concen-
trations to their concentrations in the preparation with P-F-R-2 
at 10% w/v. The ether phase was washed w ith cold water, dried 
with sodium sulfate, concentrated in vacuum (30°C), and the 
residue (520 mg) dissolved and diluted w ith ethanol 99.5% to a 
fin al vo lume of10 111.1, giving test solution (b). Positive patch test 
reactions were noted only to solution (b). 
The dissolved compounds of solution (b) were then separated 
into fractions according to molecular size by GPc. Three fractions 
were collected, comprising 25%, 25%, and 50%, respectively, 
of the tota l volume eluated from the first appearance of UV-
absorbing com pounds until the elution of phenol. 
After evaporation in vacuum (30°C) each residue was dissolved 
and diluted w ith ethanol 99.5% to a volume of 10111.1, giving test 
Figure 1. Phenol-formaldehyde resin . 
HPLC chromatogram from sepa ration of 
components in solu tion (d). Conditions: 
eluent, methanol/water (gradient) ; Row 
rate, 2.0 ml/min; sample size, 1.0 ml (5.8 
mg/ml) . A.U.F.S., absorbance units fu ll 
scale. 
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solutions (c) (M, > 300) , (d) (M,200-300), (e) (M, <200), (:on-: 
taining 205 mg, 203 mg, and 111 mg, respectively. Positive patch 
test reactions were noted to all 3 solutions. Solution (e) contained 
mainly phenol and simple methylol phenols already known to be 
sensitizers [1, 3-8). In this sti.ldy solution (d) was investigated 
further. 
T he components of solu tion (d) were separated in to 12 fractions 
according to polarity by reversed-phase (CIS) HPLC (Fig 1). After 
evaporation in vacuum (30°C) these fractions were dissolved and 
diluted to a volun)e of 10 ml in ethanol 99.5%, giving test so-
lutions d1-d12. The strongest patch test reactions were noted to 
frac tions d3 and d12. 
T he components (22 mg) of fraction d3 were separa ted by C l8 
HPLC into 8 fractions (Fig 2) which needed further separa tion 
by C I8 HPLC to reach high purity. From these 8 fractio ns test 
solutions in ethanol 99.5% were prepared, solutions d31-d38 . 
T he concen trations were adjusted to the concentrations of the 
respective compound in 10% P-F-R-2 by using analytica l HPLC. 
Positive patch test reactions were seen to all these solutions but 
most frequen tl y and stronges t to d31, d33, and d36. T hese so-
lutions contained 4 Iilg, 6 lng, and 3 mg, respectively. The com-
pounds in these solutions seemed to be pure and attempts were 
therefore made to determine their stru ctures . 
Structure of d31 The proton NMR spectrum shows 2 pairs of 
vicinal, nonequiva len t aromatic protons (8 6.73 , 8 6.95 and J = 
8.0 Hz). Two of these protons (86.95) show long-range coupling 
a = 2.4 Hz) to 2 other eq uivalent aromatic protons (8 7.10) . 
T hese data are consistent with 2 equivalent 1 ,2,4-substituted ben-
zene rings. The benzene rings are connected w ith a methylene 
group (83.80). Phenol is a starting material for production of p-
F-R and thus each benzene ring should bear a hydroxyl group . 
Formaldehyde reacts w ith phenol yielding ortho- and para-(hy-
droxymethyl)-phenols (9). The NMR spectru m shows 2 meth-
ylene groups (8 4.74) with chemical shift close to the calculated 
value (8 4.64) for (hydroxymethy l)-substituents. Two possible 
structu res can be deduced as 2,2' -dihydroxy-S,S' -di-(hydroxy-
methyl)-diphenyl methane and 4,4' -dihydroxy-3,3' -di-(hy-
droxymethyl)-diphenyl methane (4,4' -H-3,3' -HPM). Base-
catalyzed reaction between 2,2 ' -HPM and formaldehyde did not 
give a reaction product w ith the same retention on elM HPLC 
as the unkn own substance, but the corresponding reaction with 
4,4'-HPM and fo rm aldehyde did so. T hus, the structure of d31 
was likely to be 4,4'-H-3,3'- HPM (Fig 3). 
Gradient profile 
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The MS (Fig 4a) shows a molecular ion (M +) at mle 260. A 
major fragment at mle 242 and the base peak at m/e 224 result 
from the successive loss of 2 molecules of water from the mo-
lecular ion. Ortho-(hydroxymethyl)-phenols readily eliminate water 
and a 6-membered transition state has been proposed for the 
dehydration step [10] . The ri ch ab undance of thesc 2 fragments 
supports the proposed structure. The mle 224 fragmcnt succcs-
sively loses 1 proton and 2 molecul es of ca rbon monoxide, giving 
peaks at m le 223, m le 195, and m le 167. The fragmcntation 
pattern below m le 120 resembles those of 4,4'-HPM and 2-meth-
ylol pheno l [10] . Breaking the methylene bond and further de-
4,4' - d ih y dro x y-3 - (h yd rox yme th y t) -
-diphen y l met h ane 
4,4 ' - dihydroxy - 3,3 ' - di - (h yd roxymet h y t)-
-d iphenyl met hane 
4,4' - dihydro x y-3, 5 - di - (hydro x ymethyt)-
- diphenyl m e th a ne 
Figure 3. Structural formualae of 4,4'-d ihydroxy-3-(hyd roxymcthyl)-
di pheny l methane, 4,4' -dihydroxy-3,3' -di-(hydroxymcthyl)-diphenyl 
methane, and 4,4'-dihydroxy-3,5-di-(hydroxymcthyl)-diphcny l mcth-
ane. 
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Figure 2. Phcnol-fomtJidchydc rcs in. Separation of 
com ponents in so lu tion d3 by HilLe. Conditions: 
e1ucnt, mcthanol / watcr 32/68 v /v; Row rate, 2.5 m il 
min; sample sizc, 20 JLI (1.1 mg/ ml). A.U.F.S. , ab-
sorbance units full scale. 
composition leads to the following fragmcnts: mle 107 (hydroxy-
benzy l cation or hydroxy-trophylium ion) , m le 91 (trophylium 
cation), m le 77 (phenyl cation), mle 65 (cyclopentadienyl cation), 
and m /c 51 (C4H 3 +). Mass spectrometery of d31 shows a low 
amount of the hyd roxybenzyl cation (m /e 107) consistent with a 
st ructure having 1 (hydroxy methyl)-substitucnt OJ1 each ring . 
An attempt was made to synth esize 4,4'-H-3,3 '-HPM from 
4,4'-HPM and forma ldehyde. The synthesis is described below. 
(Hydroxymethyl)-groups ca n be introduced at the 3-,3'-,5- and 
5'- positions of 4,4'-HPM lcading to 5 main reaction products. 
Thc reaction product with the sa me retcntion time on C ts HPLC 
as d31 was co llected and analyzed. Melting point determination, 
360 MH z N MR and MS gave data completely correspond ing to 
those of d31. T hus the nature of the basic structure (diphenyl 
methane), the nature, number, and positions of the substituents 
wcre comfi rmcd and d31 identified as 4,4'-H-3,3'-HPM. 
Thrcc hundred sixty MHz NMR (CD3COCD3) : 83.80 (2 pro-
tons, singlet, ArCH2Ar), 4.74 (4 protons, singlet, ArCH20H), 
6.73 (2 protons, doublet, J = 8.0 Hz, ArH), 6.95 (2 protons, 
doublct of doublcts, J = 8.0 H z, J = 2.4 Hz, ArH) , 7. 10 (2 
protons, doublet, J = 2.4 Hz, ArH) ppm. Mass spectrometry 
(probe) 70 eV: (Fig 4a). Melting point 169 - 171°C. 
Structure ofd33 The proton NMR spectrum shows 2 pairs of 
vicina l, noneq uivalent aromatic protons (86.76, 87.04 and J = 
8.5 Hz). Two equivalent aromatic protons (86.99) show no long-
range coupling. These data are consistent with one 1,4-substituted 
and one l, 2,3,5-su bstituted bcnzcne ring. Thc benzene rings are 
connected with a methylenc group (83.80). Two methylene groups 
(84.74) indicate 2 equivalent (hyd roxymcthyl)-substituents. Phenol 
is a starting material for the production of thc P-F-R and thus 2 
substituents should be hydroxyl groups. T he chemica l shift of 
the aromatic singlet indicates that the signal cO I11.es from protons 
in metha position to the hydroxyl group. Having all substituents 
in ortho- or para-position to the hydroxy l g roups [9) 4,4'-di-
hydroxy-3,5-di-(hydroxymethyl)-diphenyl mcthane (4,4'-H-3,5-
HPM) (Fig 3), should be the stru cturc. 
T he MS (Fig 4b) shows a molecular ion (M +) at m le 260. Major 
fragments result from the successivc loss of 1 molecule of water, 
1 proton, and 1 molecule of carbon monoxidc, giving peaks at 
m le 242, m le 241, and m le 213. Loss of 2 molecules of water 
from the molccular ion gives the peak at m le 224. The fragmen-
tation pattern below m le 200 rescmbles that of d31. The base 
pcak at m /c 107, correspond in g to the hydroxybenzyl cation, 
supports thc proposed structurc bearing 2 hyd roxymethyl groups 
on the sa mc benzene ring. 
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4,4' -Dihydroxy-3, 5-di-(hydroxymethyl)-di pheny I methane 
was synthes ized from 4,4'-HPM and formaldehyde. The syn-
thesis is described below. M elting point determination, 360 MHz 
NMR and MS gave data completely corresponding to those of 
d33. Thus the nature of the basic stru cture (diphenyl methane), 
the nature, number and positions of the substituents were con-
firm ed and d33 identified as 4,4'-H-3,5-HPM. 
T hree hundred sixty MHz NMR (CD)COCD)): 0 3.80 (2 pro-
tons, singlet, ArCH2Ar), 4.74 (4 protons, singlet, ArCH20H) , 
6.76 (2 protons, doublet, J= 8.5 Hz, ArH), 6.99 (2 protons , 
singlet, ArH), 7.04 (2 protons, doublet, J = 8.5 Hz, ArH) 
ppm . M ass spectrometry (probe) 70 eV: (Fig 4b). Melting point 
11 8 - 11 9°C. 
Figure 4. Phenol-formaldehyde resin. Mass-
spectra of d31 (tI), d33 (b), and d36 (c). 
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Structure of d36 The proton NMR spectrum shows one 1,4-
substituted benzene ring (06.76, 07.04 and J = 8. 5 Hz) and one 
l ,2,4-substituted benzene rin g (06.74, 06.95, J = 8.0 Hz and 0 
7.10). Two of the protons (0 6.95 and 0 7.10) show long-range 
coupling 0 = 2.3 Hz) to each other. The benzene rings are con-
nected with a methylene bond (0 3.80) and 1 of them bears a 
(hydroxy methyl)-substituent (0 4.74). Phenol is a starting ma-
terial for the production of P-F-R and thus 2 substituents should 
be hydroxyl groups. Two possi ble structures can be deduced [9]: 
4,4'-dihydroxy-3-(hydroxymethyl)-diphenyl methane (4,4'-H-3-
HPM) and 2,4'-dihydroxy-5-(hydroxymethyl)-diphenyl meth-
ane. Base-catalyzed reaction between 2,4' -HPM and forma lde-
hyde did not give a reaction product with the sa me retention time 
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on C IM HPLC as d36, but the corresponding reaction with 4,4'-
HPM and forma ldehyde did so. Thus the structure of d36 was 
likely to be 4,4'-H-3-HPM (Fig 3). 
The MS of d36 (Fig 4c) shows a base peak which represents 
the molecular ion (M +) at mle 230. M ajor fragments result from 
successive loss of 1 molecule of water and a proton from the 
molecular ion to give peaks at m/e 212 and m/e 211. The loss of 
carbon monoxide from these ions gives peaks at mle 184 and 
m/e 183. The fra gment at m le 212 gives the peak at m le 195 by 
elimination of a hydroxyl group . Elimination of carbon monoxide 
from the ions at m /e 195 and mle 183 gives peaks at m le 167 and 
m/e 155. The fragmentation pattern below m le 150 resembles 
tha t of d31. Consistent with the proposed structure is also the 
rich abundance of hydroxy benzyl cation (m /e 107) . 
4,4' -Dihydroxy-3-(hydroxymethyl)-diphenyl methane was 
synthesized from 4,4'-HPM and form aldehyde. The synthesis is 
described below. Melting point determination, 360 MHz NMR 
and MS gave data completely corresponding to those of d36. 
Thus the nature of the basic structure (diphenyl methane) , the 
nature, num ber and positions of the substituents were confirmed 
and d36 identified as 4,4' -H-3-HPM. 
Three hundred sixty MHz NMR (CDJCOCDJ): {) 3.80 
(2 protons, singlet, ArCI-{zAr), 4.74 (2 protons, singlet, 
ArCH 20 H), 6.74 (1 proton , doublet, J = 8.0 Hz, ArH), 6.76 (2 
pro tons, doubl et, J = 8. 5 Hz, ArH) , 6.95 (1 proton, doublet of 
do ublets , J = 8.0 Hz, J = 2.3 Hz, ArH), 7.04 (2 protons, doublet , 
J = 8. 5 Hz, ArH) , 7.10 (1 proton, doublet, J = 2.3 Hz, ArH) 
ppm . Mass spectrometry (probe) 70 eV: (Fig 4c). Melting point 
132-133°C. 
Synthesis of 4,4' -Dihydroxy-(hydroxymethyl)-diphenyl 
Methanes (4,4'-H-HPM) Five grams of 4,4' -dihydroxydi-
phenyl methane, 25 ml water, 25 ml THF, 20 ml sodium hy-
droxide (1.0 mol X I - I) , and 10 ml forma lin were mixed and 
aUowed to react for 48 h at room temperature in an atmosphere 
of nitrogen. The reaction mixture was neutralized by the addition 
of sulfuric acid (1.0 mol X I - I), evaporated in vacuum (30°C), 
dissolved in acetone, filtered to remove salts, evaporated under 
vacuum (30°C), and the residue dissolved in methanol/water. The 
reaction products were isolated by automatic semipreparative C IS-
HPLC (Fig 5) giving white crystalline products, which were re-
2 2 
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2 e M+ 
Figure 4. (Collri/llled) 
I 2>' 260 27 
250 
crystallized from methanol l water. Analytical data were in agree-
ment with the products isolated from P-F-R-2. 
RESULTS 
The results of patch testin g with 4,4' -H-3-HPM, 4,4' -H-3,3'-
HPM, and 4,4'-H-3,5 HPM are given in Table I for those 6 
patients, out of 11 , reacting to at least 1 of the compounds tested. 
A.U.F .S. 
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Figure 5. HPLe fro m separa tion of reaction products formed by reaction 
between 4,4' -dihydroxydiphenyl methane (peak 4) and formaldehyde. 
Peaks 1, 2, allli 3, with equal retention times to d3 1, d33, and d36. re-
spectively, were co llected for structural analyses. Conditions: eluent. 
methanol/water (gradient); flow rate, 6.0 ml / min; sa mple size, 1.0 ml 
(10.0 Illg/ml). A. U.F.S., absorbance units full sca le. 
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All 6 patients reported reacted to 4,4' -H-3,3 '-HPM . Five of these 
patients reacted simultaneously to 4,4'-H-3-HPM and 4 patients 
reacted simultaneously to all 3 compounds tested . The strength 
of the reactivity to the sensitizers was, on th e whole, the same 
for 4,4'-H-3,3'-HPM and 4,4'-H-3-HPM and lower for 4,4'-H-
3,5-HPM. Patient #1 reacted down to 0.5 X 10- 6% (2.2 X 10- 8 
m ol X I - I), 1. 0 X 10 - 6% (3.9 X 10- 8 mol x I - I), and 1.3 x 
10- 3% w/v (5.1 X 10 - 5 mol X I - I) to 4,4'-H-3-HPM, 4,4'-H-
3,3'-HPM, and 4,4'-H-3,5-HPM , respectively. 
There were no differences in pattern and stren gth of reactivity 
between the patients with occupational exposure to P-F-R and 
those w ithout. 
None of 20 control patients reacted to any of the compounds 
tested (4,4' -H-3-HPM 0.05%, 4,4'-H-3,3 '-HPM 0.10%, 4,4'-H-
3,5-HPM 0. 13% w/v). 
Each 4,4'-H-HPM was investigated by J-1PLC for the presence 
of the 2 o th er 4,4' -H-HPM. The highest possible concentrations 
of contaminatin g 4,4'-H-3-HPM in 4,4'-H-3,3'-HPM and 4,4'-
H-3,5-HPM w ere 0.022% and 0.017% w/w, respectively. T he 
fi gures for 4,4'-H-3,3'-HPM in 4,4'-H-3-HPM and 4,4' -H-3,5-
HPM were 0.15% and 0.052% w/w. The corresponding figures 
for 4,4 '-H-3,5-HPM in 4,4'-H-3-HPM and 4,4'-H-3,3'-HPM 
were 0.038% and 0.058% w/w, respectively . 
DISCUSSION 
Besides formaldehyde, 9 other sensit izers have previously been 
identified in P-F-R. 2-Meth ylol phenol, described as a sensitizer 
in iodobismitol ' [3] , was demonstrated to be a sensitizer in P-F-
R in the 1940s [4]. This compound was rediscovered 30 years 
later when a worker in the phenol-formaldehyde industry reacted 
to 2-methylol phenol and to a lesser degree to 2,4,6-trimethylol 
phenol, but not to 4-methylol phenol [5] . Recently a patient re-
acting to the latter substance was repo rted [6]. Other patients 
with contact allergy to these 3 methylol phenols (2-methylol phenol , 
4-methylol phenol, 2,4,6-trimethylol phenol) have been described 
in the las t few years [1,7] . 
The search for contact sensiti zers in P-F-R may , in principle, 
be based on mainl y 2 methods. One method is to start with 
theoretically possible substances in P-F-R but obtained from sources 
other than P-F-R. These compounds are then patch tested on P-
F-R-sensitized subj ects. A positive test reaction does not neces-
sa ril y imply that the compound is a sensitizer in P-F-R until it 
has been demonstrated in P-F-R. Based on theoretica lly possible 
substances, 6 sensitizers have been shown to be present in P-F-
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R-2. T hree of these compounds, 3-meth ylol phenol, 2,4-dime-
thylol phenol, and 2,6-dimethylol phenol [8], are chemically c10seiy 
related to those sensitizers of the methyl ol phenol type previously 
reported [1,3-7] . The other 3 sensitizers, 2,2 '-HPM , 4,4' -HPM , 
and 2,4' -HPM, lack methylol groups [11] . 
The other main method of identifying sensitizers in P-F-R is 
based on a particular P-F-R, w hich is separated into frac tions. 
These fractions are used for patch testin g P-F-R..:positive subj ects . 
The whole procedure is repeated with those fractions givi ng pos-
itive test reactions , until a positive test response to a single com-
pound is noted. By using this technique, 3 additional sensitizers 
were demonstrated in this stud y. These substances were identified 
to be 4,4'-H-3-HPM, 4,4' -H-3,3 '-HPM , and 4,4'-H-3,5-HPM 
(Fig 3) . 
The contact allergies to the three 4,4' -H-HPM are in all prob-
abi lity genuine since there were patients reactin g to test so lutions 
100 times more diluted than the tes t solutions giving no reaction s 
on the controls. Furthermore, the chemical inves tigations indi-
cated (chromatographi c evidence and melting point determina-
tions) that the compounds were pure. The hi ghest possible COn-
taminations of 4,4'-H-3-HPM and/or 4,4'-H-3,3 '-HPM in 
4,4'-H-3,5-HPM might possibly explain the reaction to the latter 
substance in patient #1 but not in any of the other patients 
(Table I) . 
From the present study 4,4'-H-3-HPM and 4,4'-H-3,3'-HPM 
seem to be the most potent sensitizers of those investigated. The 
concentrations and other factors o f importance for the sensiti-
za tion might, however, have been quite different for the 3 sen-
sitizers at the moment when the sensitiza tion was induced com-
pared with the patch tes t situation . This issue, concerning the 
sensitizing capacities of the 3 allergens may, however, be eluci-
dated by predictive patch testing in guin ea pigs. Furthermore, the 
conta ct allergies to the three 4,4'-H-HPM may be expressions fo r 
cross-reactivity to other main sensitizers and this question m ay 
on ly be answered after a complete survey of th e sensitizers in P-
F-R, follow ed by inves tigations in guin ea pigs. 
With the results of this study 3 more substances are added to 
the number of known sensitizers in P-F-R. However, these sen-
sitizers are not the onl y ones; other contact allergens will be 
repo rted later. 
The authors are ;I1IJebted to Kerst;1I Hjortl. Jor lla illable lec/mical assistallce. 
Table I. Results of Patch Testing in 11 Pati ents Reacting to a Resol Resin Based on Phenol and Formaldehyd e (P-F-R-2) 
Patient 
Substance/Ethano l (% w/v) 2 3 4 5 6 7 8 9 10 11 
4,4 ' -H-3-HPM" 0.5 X 10- 1 + + + + + 
0 .5 X 10- 2 + + + + 
0 .5 X 10- 3 + + 
0 .5 X 10 - 4 + 
0.5 X 10- 5 + 
0.5 X 10- 6 + 
0 .5 X 10- 7 
4,4' -H-3,3'-HPM b 1. 0 X 10- 1 + + + + + + 
1.0 X 10- 2 + + + + + + 
1.0 X 10 - 3 + + 
1.0 X 10 - 4 + 
1.0 X 10- 5 + 
1. 0 X 10 - 6 + 
1. 0 X 10- 7 
4,4'-H-3,s-HPM' 1.3 x 10- 1 + + + + 
1.3 X 10 - 2 + 
1.3 X 10- 3 + 
1.3 X 10- 4 
'4.4'-Dihydroxy-3-(hyd roxymcthyl)-diphcnyl methane. 
'4.4'-Dih ydroxy-3 .3·-di- (h ydroxymcthyl)-diphenylmcthane. 
'4.4'-Dih ydroxy-3,5-d i-(hyd roxymeth yl)-diphcnyl methane. 
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